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ABSTRACT: 

PROBLEM TO BE SOLVED:. To provide a measuring and 
monitoring instrument which can measure the thickness and 
worked depth of a thin film with high accuracy while the 
film is formed and worked without being affected by the 
deposition and working operations. 
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SOLUTION: A light source 15 generates light having a 
wavelength of 1-3 microns, and projects the light upon a 
silicon substrate 1 at a plurality of incident angles 
through an optical system from a lens 16 to a mirror 19 by 
roughly focusing the light on the backside of the substrate 
1. The reflected light from the substrate 1 is made 
incident to a spectroscope 22 which detects the intensity 
of measuring light at every wavelength and a calculator 23 
calculates the etched depth of the substrate 1. Since the 
reflected light from - the backside of the substrate 1 
interferes with that from the etched surface, and changes 
in a phase which is different from that of the intensity 
variation of the reflected light from the etched surface 
following the progress of etching operation, the high- 
accuracy detection of the etched depth of the substrate 1 
is difficult. Therefore, in order to reduce the effect of 
the reflected light from the backside of the substrate 1, 
the incident angles of a plurality of measuring light rays 
are made different from each other. Consequently, the 
intensity variation of the detected reflected light is 
mainly caused by the interference between the reflected 
light from the interface between the surface of the 
substrate 1 and a resist mask, and that from the surface of 
the substrate 1 on which the etching is in progress and can 
be detected with high accuracy. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the thickness and the processing depth measuring device which measure the depth of the processing side 
processed on the membranous thickness or the membranous substrate front face formed in the substrate front face with 
an optical interference means A means to irradiate a measuring beam from a substrate rear face on the conditions which 
carry out total reflection by the interface of the film formed in the substrate front face, or a processing side, The 
thickness, the processing depth measuring device which are characterized by having a means to make the reflected light 
from a substrate front face, and the reflected light from the front face or the above-mentioned processing side of the 
above-mentioned film interfere, and to measure thickness or the processing depth. 

[Claim 2] It is the thickness and the processing depth measuring device which the above-mentioned measuring beam 
has two or more wavelength in the thickness of a publication of claim 1, and a processing depth measuring device, and 
are characterized by having a means to measure thickness or the processing depth from the interference result for every 
wavelength. 

[Claim 3] In the thickness and the processing depth measuring device which measure the depth of the processing side 
processed on the membranous thickness or the membranous substrate front face formed in the substrate front face with 
an optical interference means A means to irradiate a measuring beam from a substrate rear face on the conditions which 
carry out total reflection by the interface of the film formed in the substrate front face, or a processing side, The 
difference of the optical path which passes through the inside of the substrate by the difference of an incident angle to 
the incident angle in which the above-mentioned measuring beam to irradiate carries out incidence to the rear face of a 
substrate more than the wavelength of incident light A ****, A means to irradiate the measuring beam from which an 
incident angle differs in the range in which the optical path difference by the membranous thickness or the membranous 
processing depth which is the measuring object becomes below the wavelength of incident light, The thickness, the 
processing depth measuring device which are characterized by having a means to make the reflected light from a 
substrate front face, and the reflected light from the front face or the above-mentioned processing side of the above- 
mentioned film interfere, and to measure thickness or the processing depth. 

[Claim 4] It is the thickness and the processing depth measuring device which the above-mentioned measuring beam 
has two or more wavelength in thickness according to claim 3 and a processing depth measuring device, and are 
characterized by having a means to measure thickness or the processing depth from the interference result for every 
wavelength. 

[Claim 5] In the thickness measurement equipment which measures the thickness of the film formed in the substrate 
front face with an optical interference means A means to irradiate both the measuring beam of the conditions which 
carry out total reflection on the front face of the film formed in the substrate front face, and the measuring beam of the. 
conditions which carry out total reflection by the interface of the film and a substrate from a substrate rear face, A 
means to make the reflected light from a membranous front face, and the reflected light from the interface of the film 
and a substrate interfere, and to measure thickness or the processing depth, and thickness measurement equipment 
characterized by having. 

[Claim 6] It is thickness measurement equipment which the above-mentioned measuring beam has two or more 
wavelength in thickness measurement equipment according to claim 5, and is characterized by having.a means to 
measure thickness or the processing depth from the interference result for every wavelength. 
[Claim 7] A means to irradiate a measuring beam from a substrate rear face on the conditions which carry out total 
reflection by the interface of the film formed in the substrate front face in the membrane formation equipment which 
forms a thin film on a substrate, The thin film deposition system characterized by having a means to make the reflected 
light from a substrate front face, and the reflected light from the front face of the above-mentioned film interfere, and to 
measure the thickness depth, and a means to form a thin film on the above-mentioned substrate based on the thickness 
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measured by means to measure the above-mentioned thickness depth. 

[Claim 8] A means to irradiate a measuring beam from a substrate rear face in the processing equipment on the front 
face of a substrate on the conditions which carry out total reflection by the interface of the processing side on the front 
face of a substrate, Processing equipment on the front face of a substrate characterized by having a means to make the 
reflected light from a substrate front face, and the reflected light from the above-mentioned processing side interfere, 
and to measure the processing depth, and a means to process the above-mentioned substrate front face based on the ' 
processing depth measured by means to measure the above-mentioned processing depth. 

[Claim 9] A measuring beam is irradiated from a substrate rear face on the conditions which carry out total reflection 
by the interface of the film formed in the substrate front face in the thin film formation approach which forms a thin 
film in a substrate front face. The reflected light from a substrate front face, The thin film formation approach 
characterized by making the reflected light from the front face of the above-mentioned film interfere, measuring the 
thickness depth, computing the difference of the situation of processing, and the desired value of the set-up thickness 
from the measurement result of the above-mentioned thickness depth, and controlling thin film formation processing 
conditions based on the result. 

[Claim 10] In the substrate surface treatment approach processed on a substrate front face, a measuring beam is 
irradiated from a substrate rear face on the conditions which carry out total reflection by the interface of the processing 
side on the front face of a substrate. The reflected light from a substrate front face, The substrate surface treatment 
approach characterized by making the reflected light from the above-mentioned processing side interfere, measuring 
the processing depth, computing the difference of the situation of processing, and the desired value of the set-up 
processing depth from the measurement result of the above-mentioned processing depth, and controlling surface 
treatment processing conditions based on the result. 

[Claim 1 1] The thermometry equipment carry out setting up to the optical-path field through which the radiation 
infrared radiation from radiation infrared generating fields other than the processing substrate which the range which 
measures the radiation infrared radiation from the processing substrate of a radiation infrared on-the-strength 
measurement means measures in the thermometry equipment which has a radiation infrared on-the-strength 
measurement means, measures the radiation infrared reinforcement from a processing substrate, and measures the 
temperature of a processing substrate does not pass as the description. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention measures membrane formation of flattening processing of the thin film which 
forms a thin film and which membrane-formation-processed and formed, the etching processing which form a detailed 
pattern in a thin film, and a processing processing situation, and the equipment, the measurement, and the monitoring 
device which carry out a monitor are related in it to the measurement by the incorporated thickness, the processing 
depth measuring device, and these equipments, the monitor approach and membrane formation, and the processing 
approach in manufacture of the component which combined detailed thin film patterns, such as semiconductor device 
manufacture and liquid crystal display component manufacture,. 
[0002] 

[Description of the Prior Art] It is important to search for correctly change of thickness and the processing advance 
situation of a detailed pattern, and to realize processing as a setting in membrane formation processing and flattening 
processing in which it is used for semiconductor device manufacture and liquid crystal display component manufacture, 
and detailed pattern formation processing. The interference approach which used light is widely used for measurement ' 
of the thickness in these processings, and the processing advance situation of a detailed pattern. 
[0003] As these conventional techniques, the etching end point detector equipment which detects termination of 
detailed pattern formation by interference is shown in JP,8-292012,A. 

[0004] Moreover, the approach of measuring the thickness formed on the substrate by interference is shown in JP,1 1- 

153416.A. Moreover, the thickness measurement approach in the flattening processing on the front face of a substrate 

is shown in JP,7-4921,A. that is, a technique given in this JP,7-4921,A indicates thickness about measurable thickness 

measurement during polishing of a semi-conductor wafer - having - **** - the film ~ the thickness of a thin film is 

measured based on the reflected light reflected during thick measurement after it irradiates at a substrate the measuring 

beam of the wavelength which penetrates a substrate and this measuring beam penetrates a substrate. 

[0005] Moreover, about the thermometry of a processing substrate, it is ** carried out of the highly-precise-izing of the 

thermometry by the radiation infrared radiation which used the filter for JP, 10-1 1 1 186 A 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the etching end point detector equipment shown in JP,8- 
292012,A which is the above-mentioned conventional technique, it changed as the situation of the processing interior 
of a room and the situation of the internal surface of the measurement aperture to observe lapped processing, in order to 
measure the surface situation of a processing substrate through the processing interior of a room, and since the change 
influenced a measurement result, there was a problem that highly precise measurement and monitoring were difficult. 
[0007] Moreover, with the conventional technique which measures a surface processing situation from the rear face of 
a processing substrate as shown in JP,1 1-153416,A or JP,7-4921,A, the effect of the reflected light from a substrate rear 
face was large, and there was a problem that it was difficult to detect the reflected light from the substrate front face 
which measures the situation on the front face of a substrate with a sufficient precision. 
[0008] The purpose of this invention is realizing the thickness or the processing depth measurement, and the 
monitoring device which detect alternatively the reflected light from the substrate front face which measures the 
situation on the front face of a substrate, and enable highly precise measurement on the front face of a substrate while 
measuring thickness and the processing depth, without being influenced [ according the advance situation of processing 
to the situation of the processing interior of a room]. * 
[0009] Moreover, other purposes of this invention are realizing membrane formation incorporating the highly precise 
measurement and the highly precise monitoring device on the front face of a substrate, and a processing measuring 
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device, and realizing the highly precise membrane formation processing approach using these monitoring devices. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is constituted as 
follows. 

(1) In the thickness and the processing depth measuring device which measure the depth of the processing side 
processed on the membranous thickness or the membranous substrate front face formed in the substrate front face with 
an optical interference means It has a means to make a means to irradiate a measuring beam from a substrate rear face, 
the reflected light from a substrate front face, and the reflected light from the front face or the above-mentioned 
processing side of the above-mentioned film interfere, and to measure thickness or the processing depth on the 
conditions which carry out total reflection by the interface of the film formed in the substrate front face, or a processing 
side. 

[001 1] (2) Preferably, in the above-mentioned thickness and a processing depth measuring device, the above-mentioned 
measuring beam has two or more wavelength, and is equipped with a means to measure thickness or the processing 
depth, from the interference result for every wavelength. 

[0012] (3) In the thickness and the processing depth measuring device which measure the depth of the processing side 
processed on the membranous thickness or the membranous substrate front face formed in the substrate front face with 
an optical interference means A means to irradiate a measuring beam from a substrate rear face on the conditions which 
carry out total reflection by the interface of the film formed in the substrate front face, or a processing side, The 
difference of the optical path which passes through the inside of the substrate by the difference of an incident angle to 
the incident angle in which the above-mentioned measuring beam to irradiate carries out incidence to the rear face of a 
substrate more than the wavelength of incident light A ****, It has a means to make a means to irradiate the measuring 
beam from which an incident angle differs in the range in which the optical path difference by the membranous 
thickness or the membranous processing depth which is the measuring object becomes below the wavelength of 
incident light, the reflected light from a substrate front face, and the reflected light from the front face or the above- 
mentioned processing side of the above-mentioned film interfere, and to measure thickness or the processing depth. 
[0013] (4) Preferably, in the above (3), the above-mentioned measuring beam has two or more wavelength, and is 
equipped with a means to measure thickness or the processing depth, from the interference result for every wavelength. 
[0014] (5) In the thickness measurement equipment which measures the thickness of the film formed in the substrate 
front face with an optical interference means A means to irradiate both the measuring beam of the conditions which 
carry out total reflection on the front face of the film formed in the substrate front face, and the measuring beam of the 
conditions which carry out total reflection by the interface of the film and a substrate from a substrate rear face, The 
reflected light from a membranous front face and the reflected light from the interface of the film and a substrate are 
made to interfere, and it has with a means to measure thickness or the processing depth. 

[0015] (6) Preferably, in the above (5), the above-mentioned measuring beam has two or more wavelength, and is 
equipped with a means to measure thickness or the processing depth, from the interference result for every wavelength. 
[0016] (7) A means to irradiate a measuring beam from a substrate rear face on the conditions which carry out total 
reflection by the interface of the film formed in the substrate front face in the membrane formation equipment which 
forms a thin film on a substrate, It has a means to make the reflected light from a substrate front faice, and the reflected 
light from the front face of the above-mentioned film interfere, and to measure the thickness depth, and a means to 
form a thin film on the above-mentioned substrate based on the thickness measured by means to measure the above- 
mentioned thickness depth. 

[0017] (8) In the processing equipment on the front face of a substrate, it has a means make a means irradiate a 
measuring beam from a substrate rear face, the reflected light from a substrate front face, and the reflected light from 
the above-mentioned processing side interfere, and measure the processing depth on the conditions which carry out 
total reflection by the interface of the processing side on the front face of a substrate, and a means process the above- 
mentioned substrate front face based on the processing depth measured by means measure the above-mentioned 
processing depth. 

[0018] A measuring beam is irradiated from a substrate rear face on the conditions which carry out total reflection by 
the interface of the film formed in the substrate front face in the thin film formation approach which forms a thin film 
in a substrate front face. (9) The reflected light from a substrate front face, The reflected light from the front face of the 
above-mentioned film is made to interfere, the thickness depth is measured, the difference of the situation of processing 
and the desired value of the set-up thickness is computed from the measurement result of the above-mentioned 
thickness depth, and thin film formation processing conditions are controlled based on the result. 
[0019] In the substrate surface treatment approach processed on a substrate front face, a measuring beam is irradiated 
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from a substrate rear face on the conditions which carry out total reflection by the interface of the processing side on 
the front face of a substrate. (10) The reflected light from a substrate front face, The reflected light from the above- 
mentioned processing side is made to interfere, the processing depth is measured, the difference of the situation of 
processing and the desired value of the set-up processing depth is computed from the measurement result of the above- 
mentioned processing depth, and surface treatment processing conditions are controlled based on the result. 
[0020] (1 1) It has a radiation infrared on-the-strength measurement means, and set up to the optical -path field through 
which the radiation infrared radiation from radiation infrared generating fields other than the processing substrate 
which the range which measures the radiation infrared radiation from the processing substrate of a radiation infrared 
on-the-strength measurement means measures does not pass in the thermometry equipment which measures the 
radiation infrared reinforcement from a processing substrate, and measures the temperature of a processing substrate. 
[0021] The situation of the processing interior of a room and the situation of the internal surface of the measurement 
aperture to observe change, the measurement device of the processing situation of a substrate is included in the stage in 
which a substrate is laid to the problem which influences a measurement result, and it was made to measure from the 
rear face of a substrate according to this invention. It becomes possible to eliminate from a measurement field, and 
good measurement and the monitoring of repeatability came to be able to do the resultant which coating weight 
increases by repeating processing by this. 

[0022] Moreover, to the measurement from the rear face of a substrate, the measuring beam which irradiates a rear face 
was made to measure on the incident angle conditions which carry out total reflection on a substrate front face. 
Thereby, the reflected light reinforcement from a substrate front face is raised, and it could be made to perform highly 
precise measurement and monitoring. Furthermore, breadth was given to whenever [ incident angle / of the measuring 
beam which irradiates a substrate rear face ], and interference of the reflected light from a substrate rear face and the 
reflected light from a substrate front face was reduced, thereby ~ the reflected light interference change on the strength 
from a substrate front face - precision — good - measurement - and it could be made to carry out monitoring. 
[0023] measurement of thickness - setting — the breadth of an incident angle — controlling — the rate of the reflected 
light from a membranous front face, and the reflected light from the interface of the film and a substrate - controlling - 

- reflected light interference reinforcement — rationalizing - precision — good - measurement - and it could be made 
to carry out monitoring. 

[0024] preparing the radiation infrared detection device from a processing substrate in the field through which the 
radiation infrared radiation from the plasma or a processing indoor wall surface does not pass optically in the 
thermometry of a processing substrate - precision - good - measurement - and it could be made to carry out 
monitoring. 

[0025] Moreover, about membrane formation incorporating measurement and a monitoring device, processing, and an 
etching system, it considered as the configuration which embedded the measurement and the monitoring device which 
are measured from a substrate rear face on the stage in which a substrate is laid, moreover, these equipments — a stage - 

- two or more embedding, processing distribution of a substrate, and a processing situation - measurement - and it 
could be made to carry out the monitor. Furthermore, based on these results, processing conditions are controlled and it 
could be made to perform optimal processing. 

[0026] 

[Embodiment of the Invention] Drawing 1 and drawing 2 are drawings explaining radical Motohara ** of this 
invention, and drawing 3 is the outline block diagram of the 1st operation gestalt of this invention. 
[0027] In drawing 1 , a part with the resist mask 2 is shown in the front face of a silicon substrate 1, and etching 
processing is advancing in the silicon substrate surface 3 without this resist mask 2. 

[0028] A measuring beam 4 is irradiated on the conditions which carry out total reflection by the interface of a silicon 
substrate 1 and the resist mask 2. A measuring beam 5 is irradiated by the same incident angle as a measuring beam 4, 
and it carries out incidence so that total reflection may be carried out in a silicon substrate surface 3. 
[0029] Moreover, the interface of a silicon substrate surface 3 is an interface of a silicon substrate 1 and a vacuum, and 
a refractive index becomes large compared with the interface of a silicon substrate 1 and the resist mask 2. Therefore, if 
the measuring beams irradiated from the silicon substrate 1 side are conditions which carry out total reflection by the 
interface of a silicon substrate 1 and the resist mask 2, total reflection of them will surely be carried out in a silicon 
substrate surface 3. 

[0030] The depth (thickness of the substrate 1 from the interface of the resist film 2 and a substrate 1 to a front face 3) 
of the silicon substrate surface 3 where etching processing is advancing is set to "d" here. If the refractive index of a 
silicon substrate 1 is set to "n" and the include angle of a line and a measuring beam 4 (5) perpendicular to the interface 
of a silicon substrate 1 and the resist film 2 (vacuum) to make is set to "alpha", the difference of the optical length of 
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the-optical path of a measuring beam 4 and the optical path of a measuring beam 5 will be set to "2dn/cosalpha." 
[003-1] Drawing 2 is drawing showing change of the reflected light reinforcement by the processing time when etching 
advances, and reflected interference of measuring beams 4 and 5. If wavelength of measuring beams 4 and 5 is set to 
"lambda", it will become the maximal value the difference of the optical length of the optical path of a measuring beam 
4 and the optical path of a measuring beam 5 indicates the reinforcement of the reflected light detected on condition 
that the integral multiple of "lambda" to be to the peak 10 of drawing 2 , and a peak 11. 

[0032] moreover, the difference of the optical length of the optical path of a measuring beam 4, and the optical path of 
a measuring beam 5 -- the integral multiple of "lambda" - "lambda/2" when small, the reinforcement of the reflected 
light to detect serves as [ whether it is large and ] the minimal value shown in the peak 12 of drawing 2 . 
[0033] Therefore, depth d to which etching advanced between adjacent minimal value and maximal value becomes 
"lambdacos alpha/n", and it can ask for depth d etched by identifying the peak of the reflected light change on the 
strength from the point 1 3 which started etching. 

[0034] When infrared light with a wavelength of 1 .4 microns is used for a measuring beam, the amount of etching 
between the maximum and the minimum peak is about 370nm, if the repeatability of detection is good, by the variation 
from the initial value of reflected light reinforcement, between peaks can be divided further, and can identify it, and can 
ask for etching depth d in the precision of lOOnm or less. 

[0035] There is not only the reflected light from a silicon substrate surface 3 explained previously but the reflected light 
from the rear face of a silicon substrate 1 among the reflected lights of the measuring beam which irradiated the rear 
face of a silicon substrate 1, and a change of the reflected light which also detects this on the strength is influenced. 
[0036] 30% of the quantity of light of the measuring beam which irradiated the amount of reflected lights from the rear 
face of a silicon substrate 1 in the case of the silicon substrate 1 is reached, this interferes with the reflected light from 
an etching side, and in order for the change on the strength and the phase of the reflected light accompanying advance 
of etching explained previously to shift and to change, detection' of highly precise etching depth d becomes difficult. 
[0037] So, in this invention, in order to reduce the effect of the reflected light from the rear face of this silicon substrate 
1, dispersion was given to the measuring beam as include angles thetal and theta2 which are different, respectively in 
the incident angle of a measuring beam 6 and a measuring beam 7 shown in drawing 1 . 

[0038] When angle of reflection in each incident angle of a measuring beam 6 and a measuring beam 7 which carries 
out total reflection is set to "thetalR, theta2R" and thickness of a silicon substrate 1 is set to "dO", the difference of the 
optical length of a measuring beam 6 and a measuring beam 7 is expressed with "2d0 (l-/costhetalR-l-/costheta2R). M 
[0039] The difference of optical length is about 5 microns on condition that incident angle dispersion from which, as 
for the thickness of a silicon substrate 1, the effect on etching depth measurement in those with 500 microns or more 
and an etching depth of 1 micron usually becomes less than 0.01 microns. 

[0040] This will be about 3 times the wavelength, when infrared light with a wavelength of 1.4 microns shown for 
example previously is used as a measuring beam. To the reflected lights 6a and 7a in the rear face of a silicon substrate 
1, the reflected lights 6b and 7b from an etching side (interface of the resist mask 2 and a silicon substrate 1) mean 
being shifted at random [ a phase ] in the range of 6pi, and this thing can reduce sharply the change on the strength by 
interference of these reflected lights 6b and 7b. 

[0041] Thereby, interference with the reflected light from the interface of the front face of a silicon substrate 1 and the 
resist mask 2 and the reflected light from the front face 3 of a silicon substrate 1 where etching advances mainly 
becomes, and, as for a change of the reflected light detected on the strength, highly precise detection is attained. 
[0042] Next, the measurement and the monitoring device which were constituted based on the principle of this 
invention explained above are explained using drawing 3 . In drawing 3 , the light source 15 is the light source which 
generates infrared light with a wavelength of 1 to 3 microns. With a lens 16, the light (measuring beam) from the light 
source 15 passes diaphragm 17 and a lens 18, after serving as an almost parallel beam, and it is irradiated so that it may 
be reflected by the mirror 19 and a focus may be connected near the rear face of a silicon substrate 1. 
[0043] The reflected light from the silicon substrate 1 of the measuring beam irradiated by the silicon substrate 1 is 
reflected by the principle explained by drawing 1 . And it is reflected by the mirror 20, incidence of the reflected light 
from a silicon substrate 1 is carried out to a spectroscope 22 with a lens 21, and this spectroscope 22 detects the 
reflected light reinforcement for every wavelength of the measuring beam which carried out incidence. The detection 
result of a spectroscope 22 is sent to etching depth calculation equipment 23, computes the etching depth, and searches 
for the terminal point of etching etc. 

[0044] Next, actuation of each part shown in drawing 3 is explained. Angle-of-incidence thetain of the measuring beam 
which irradiates a silicon substrate 1 adjusts the include angle of a mirror 19, is the interface of the front face of a 
silicon substrate 1, and a resist mask, and doubles it with the conditions which carry out total reflection including the 
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angle of divergence of incident light. Angle-of-divergence adjustment of the incident light centering on an angle of 
incidence changes the beam diameter of exposure light according to diaphragm 17, and is adjusted. 
[0045] It is reflected so that it may pass along a lens 21 by the mirror 20, and the reflected light from a silicon substrate 
1 is brought together in a spectroscope 22. In a spectroscope 22, as shown in drawing 4 , the reflected light change on 
the strength for every wavelength is measured. 

[0046] Although the principle explanation by drawing 1 explained interference by single wavelength, when the light of 
two or more wavelength is used, the same interference phenomenon has occurred to the light of each wavelength. Since 
the principle of superposition is realized about light, the interference situation of each wavelength can be measured by 
dividing for every wavelength with a spectroscope. 

[0047] With etching depth calculation equipment 23, it asks for the peak location of reflected light reinforcement, and 
the relation of wavelength first from the measurement result of the spectroscope shown in drawing 4 . That is, since the 
difference of the optical path which will interfere in the wavelength of one peak at each of this peak if wavelength of 
the peak of a side with long lambda 1 and its next wavelength is set to lambda 2 if it explains with reference to drawin g 
4 is the same, if "i" is made into an integer, relation "i*lambda l=(i-l) *lambda2" Unrelated will be realized. 
[0048] It can express with "i is an integer nearest to Iambda2/(lambda2-lambdal)" from this. And if a measuring beam 
sets to the same "alpha" as drawing 1 the include angle which carries out total reflection on the front face of a silicon 
substrate 1, it can ask for the etching depth "d" by "d=i*lambdal*cosalpha/2." Therefore, with etching depth 
calculation equipment 23, etching depth d is computed based on this formula "d=i*lambdal*cosalpha/2." 
[0049] Like the 1st operation gestalt of this invention, when using the light of two or more wavelength, etching does 
not advance but the absolute value of etching depth d can be calculated also in the condition of having stopped. 
Therefore, set-up etching depth d can be measured from the method using ** single wavelength to high degree of 
accuracy. 

[0050] That is, while measuring thickness and the processing depth according to the 1st operation gestalt of this 
invention, without being influenced [ according the advance situation of processing to the situation of the processing 
interior of a room ], the reflected light from the substrate front face which measures the situation on the front face of a 
substrate can be detected alternatively, and measurement and the monitoring device of the thickness which enables 
highly precise measurement on the front face of a substrate, or the processing depth can be realized. 
[0051] Next, the configuration of the 2nd operation gestalt of this invention is explained below with reference to 
drawing 5 . In drawing 5 , a lens 26, gobo 27a, gobo 27b, the diaphragm 28, the reflective block 29, and the 
floodlighting light sensing portion 30 are included in the cylinder-like holder 25. Moreover, it is made with the glass 
for optics, as for the reflective block 29, coating of the reflective film is carried out to field 29a, and the light which 
carried out incidence to this field 29a has composition reflected from the interior of the reflective block 29. 
[0052] A lens 26, Gobos 27a and 27b, the diaphragm 28, the reflective block 29, and the floodlighting light sensing 
portion 30 are constituted by a holder 25 and the same axle. The floodlighting light sensing portion 30 has the structure 
of sending the reflected light which has returned from the cylindrical holder 25 to the floodlighting light sensing 
portion 30 to a spectroscope 33 while it connects with the light source 31 and a spectroscope 33 by light guides 32 and 
33 and it can irradiate the measuring beam from the light source 31 in the cylindrical holder 25 from the floodlighting 
light sensing portion 30. 

[0053] The light source of the property of emitting infrared light with a wavelength of 1 to 3 microns as well as the 
operation gestalt shown in drawing 3 is used for the light source 31. 

[0054] The measuring beam irradiated from the floodlighting light sensing portion 30 is adjusted to the include angle 
which condenses with a lens 26 more slightly than a collimated beam. Next, the beam light of the shape of a ring 
shown in the optical path 35 to which the width of face of light becomes thin gradually is made from the shape of a ring 
according to Gobos 27a and 27b and diaphragm 28. It goes into the reflective block 29, it is reflected by reflector 29a, 
and incidence of the beam light 35 of the shape of this ring is carried out to a silicon substrate 1. 
[0055] A setup of whenever [ to this silicon substrate 1 / incident angle ] can be set up at an angle of reflector 29a. With 
the 2nd operation gestalt of this invention, the substrate of the measuring object is limited to a silicon substrate 1, and 
the incident angle of the measuring beam to a silicon substrate 1 is considered as immobilization. The breadth of the 
angle of incidence of this measuring beam can be adjusted by adjusting the change rate of the width of face of ring-like 
light with the location of the lens 26 which makes a ring-like beam, Gobos 27a and 27b, and the dimension of 
diaphragm 28. 

[0056] Thus, the measuring beam which adjusted an incident angle and the breadth of an incident angle is irradiated at 
a silicon substrate 1. The reflected light passes along a path contrary to exposure light, it carries out incidence to the 
floodlighting light sensing portion 30, and it is sent to a spectroscope 33. The calculation approach of etching depth d 
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after this is the same as that of the 1st operation gestalt. 

[005-7] In addition, the O ring which was prepared in the periphery of O ring 36 prepared between the reflective block 
29 and the holder 25 and a holder 25 and which is not illustrated is performing system of measurement and the vacuum 
seal of the processing interior of a room. 

[0058] Next, the 2nd etching system using an operation gestalt and etching art are explained with reference to drawing 
6 . In drawing 6 , the stage electrode 41 and the counterelectrode 42 are formed in the processing room 40, on the stage 
electrode 41, a silicon substrate 1 is arranged and etching processing is performed. 

[0059] The stage electrode 41 is insulated with the base of the processing room 40, or a side attachment wall by the 
electric insulating plate 44, and the 800kHz high frequency bias power supply 45 is connected. The passage 46 which 
pours the refrigerant for cooling is formed in the inside of the stage electrode 41, and it has the composition of pouring 
the refrigerant which carried out temperature control by the circulator 47. 

[0060] Moreover, in the stage electrode 41, four peripheries and a total of five monitoring devices of one core including 
two pieces which are not illustrated besides the monitoring devices 48a, 48b, and 48c of a configuration of being shown 
in drawing 5 explained with the 2nd operation gestalt are incorporated. He carries out the seal of the incorporated 
monitoring device with an O ring, and is trying not to have the leak from the passage 46 or the processing outdoor of a 
refrigerant, as the 2nd operation gestalt explained. 

[0061] The electrostatic adsorption device which is not illustrated is prepared in the front face of the stage electrode 41, 
a silicon substrate 1 is adsorbed, gaseous helium is put in between a silicon substrate 1 and the stage electrode 41, and 
precision improves a silicon substrate 1 temperature control. 

[0062] The counterelectrode 42 is insulated with the top face of the processing room 40, or the side attachment wall by 
the electric insulating plate 49, and core part 42a of a counterelectrode 42 is mutually insulated by the periphery part of 
this counterelectrode 42, and electric insulating plate 49a. And 68MHz RF generator 50b is connected to the periphery 
part of a counterelectrode 42, and 40MHz RF generator 50b is connected to core part 42a. 

[0063] Moreover, there is a feed zone of the etching gas which is not illustrated in a counterelectrode 42, the etching 
gas of the amount of setup is exhausted from an exhaust port 43 with a sink, and the inside of the processing room 40 is 
maintained at a setting pressure. 

[0064] The high-frequency power which made the etching gas of a setting flow rate the sink and the setting pressure, 
made temperature of a silicon substrate 1 laying temperature, and was set up from RF generators 50a and 50b in the 
processing room 40 is supplied, the plasma is generated between the stage electrode 41 and a counterelectrode 42, the 
high frequency bias power set up from the high frequency bias power supply 45 is supplied, and etching is made to 
start. 

[0065] Etching depth [ of five points ] d of a silicon substrate 1 is measured with monitoring devices 48a, 48b, and 48c 
and other two monitoring devices, and an etching rate is computed from time amount change of distribution of etching, 
and etching depth d. And when distribution of etching and an etch rate shift from a setup, the power ratio of RF 
generators 50a and 50b and power level are controlled, and it controls so that distribution of etching and an etch rate go 
into a setting range. 

[0066] As mentioned above, while it is controllable so that the monitor of distribution of etching and the etch rate is 
carried out to the stage electrode 41 which arranges the processing substrate 1 by incorporating two or more 
measurement and a monitoring device and processing is completed in the target setting range based on the result, the 
completing point of etching can be detected with high precision, and good etching processing of repeatability can be 
performed. 

[0067] The measurement and the monitoring device by the 2nd operation gestalt of this invention are built into the 
interior of the stage electrode 41, and during etching processing, while the measurement front face is covered with the 
processing substrate 1, it fills up with the pure gaseous helium for cooling between the processing substrate 1 and the 
stage electrode 41. 

[0068] The monitor which the resultant generated with the plasma under processing did not adhere to measurement and 
the measurement front face of a monitoring device, and was stabilized by this for a long period of time is possible. 
Moreover, there is no need of preparing the opening part for measurement in a counterelectrode 42, and stable 
processing can be performed, without the abnormalities of generating of the dust in an opening part and discharge etc. 
arising. 

[0069] In addition, in the measurement and the monitoring device by the 2nd operation gestalt of this invention, since 
total reflection light is measured, the plasma and the infrared light from a counterelectrode 42 do not go into the optical 
path which carries out total reflection, but there is also little effect of the disturbance light from these outside, and 
highly precise measurement can be performed. Furthermore, with the 2nd operation gestalt of this invention, the part 
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included in the stage electrode 41 is only optical system, and is not influenced of high frequency bias etc. 
[0070] Next, the thickness measurement principle in membrane formation processing is explained with reference to 
drawing 7 , the measurement by the 3rd operation gestalt of this invention based on that principle and the configuration 
of a monitoring device are shown in drawing 8 , and the configuration of the operation gestalt of the CVD system 
incorporating this monitoring device is shown in drawing 9 . 

[0071] Drawing 7 shows th&condition that silicon oxide 61 was formed in the front face of a silicon substrate 1. In 
drawing 7 , the optical glass block 62 for measurement has stuck to the bottom of a silicon substrate 1. It is necessary to 
make the measuring beam reflected by the interface of a silicon substrate 1 and silicon oxide 61, and the measuring 
beam reflected by the interface between silicon oxide 61 and the processing interior of a room where membrane 
formation advances interfere in measurement of thickness. 

[0072] About the refractive index of a silicon substrate 1, in the refractive index of 3.5 and silicon oxide 61, when 1.7, 
include-angle theta3R which total reflection begins to set by the interface of a silicon substrate 1 and silicon oxide 61 is 
about 25 degrees like a measuring beam 63, and theta 3 becomes [ refractive index / of 1 .5 and the optical glass block 
62 ] about 62 degrees from the optical glass block 62 whenever [ to a silicon substrate 1 / incident angle ]. 
[0073] theta4R is about 42 degrees and theta 4 becomes [ whenever / angle-of-incidence / to the interface of the silicon 
oxide 61 and the processing interior of a room ] about 36 degrees from the optical glass block 62 whenever [ to a 
silicon substrate 1 / angle-of-incidence ]. [ conditions / which it advances and come to carry out total reflection to 
silicon oxide 61 like a measuring beam 64 ] 

[0074] Therefore, an incident angle is larger than 36 degrees, to silicon oxide 61, the measuring beam of an incident 
angle smaller than 62 degrees advances, and carries out total reflection, and an incident angle carries out total reflection 
between a silicon substrate 1 and silicon oxide 61 on larger conditions than 62 degrees. 

[0075] He is trying to irradiate a measuring beam in the example of this invention according to the incident angle of a 
larger include angle than this and a small include angle. bordering on the incident angle theta 3 to the silicon substrate 1 
which obtains include-angle theta3R from which total reflection begins in the interface of a silicon substrate 1 and 
silicon oxide 61. 

[0076] Incidence of the incident light with an incident angle smaller than an include angle theta 3 is carried out even to 
the oxidation silicone film 61, it is reflected, and the incident light with a larger incident angle than theta 3 is reflected 
by the interface of a silicon substrate 1 and silicon oxide 61. 

[0077] In order to obtain the reflected light from both interfaces of the interface of a silicon substrate 1 and silicon 
oxide 61, and the interface of silicon oxide 61 and a processing room, thus, with the 3rd operation gestalt of this 
invention Breadth was given to the incident angle of a measuring beam, and the change on the strength by interference 
of the reflected light is optimized, and it could be made to perform highly precise thickness measurement by controlling 
the rate of the quantity of light of a measuring beam with a larger incident angle than an include angle theta 3, and the 
quantity of light of a measuring beam with an incident angle smaller than an include angle theta 3. 
[0078] Since the basic principle of calculation of thickness is the same as that of calculation of etching depth d 
mentioned above, detailed explanation is omitted. 

[0079] The thickness of silicon oxide 61 here between t, the maximal value which the reflectivity produced by 
interference which sets to nsio adjoins [ wavelength / of beta and a measuring beam / refractive index / of lambda and 
silicon oxide 61 ] in the angle of reflection in silicon oxide 61 and the interface of the processing interior of a room, and 
the minimal value The amount to which silicon oxide 61 became thick serves as "lambdacos beta/nsio ,f , and it can ask 
for thickness t of the silicon oxide 61 which formed membranes by identifying the peak of the reflected light change on 
the strength from the point which started membrane formation. 

[0080] Two or more waves of measuring beams are irradiated, and since the approach of computing thickness from the 
interference change on the strength for every wavelength is the same as that of the 1st operation gestalt, detailed 
explanation is omitted. 

[0081] The reduction of the effect of the reflected light reflected by the interface of a silicon substrate 1 and the optical 
glass block 62 is based on the same principle as the effect reduction by giving breadth to the incident angle explained 
by drawing 1 . Moreover, in thickness measurement, the function of the light control reflected from both sides of 
silicon oxide 61 and the function of effect reduction of the surface reflected light are doubled and given to the breadth 
of incident light. 

[0082] Drawing 8 is drawing showing the practical thickness measurement by the 3rd operation gestalt of this 
invention, and the configuration of a monitoring device. In drawing 8 , a lens 69, a gobo 70, the diaphragm 71, the 
absorption block 72, the lens block 73, and the floodlighting light sensing portion 74 are included in the cylinder-like 
holder 68 inside cylindrical. 



JP,200i'-160576,A [DETAILED DESCRIPTION] Page 8 of 10 

» » , 

[0083] Moreover, it lets light guides 77a and 77b pass to the floodlighting light sensing portion 74, and the light source 
75 of the property of emitting infrared light with a wavelength of 1 to 3 microns, and the part photodetector 76 
incorporating an infrared light detection sensor are connected to it. 

[0084] The measuring beam which was irradiated from the light source 75, and it passed along light guide 77a, and was 
irradiated from the floodlighting light sensing portion 74 serves as an parallel beam with a lens 69, and forms the 
cylinder-like beam 78 according to a gobo 70 and diaphragm 71 . It is condensed by the lens block 73, and incidence of 
the beam 78 of the shape of this cylinder is carried out to a silicon substrate 1 so that a focus may be connected to the 
front face of a silicon substrate 1. 

[0085] The angle of incidence of the measuring beam to a silicon substrate 1 adjusts the pitch diameter "/(outer- 
diameter + bore) 2" of the cylindrical beam 78 according to a gobo 70 and diaphragm 71. Moreover, similarly the 
variation of tolerance of the bore of the cylindrical beam 78 and an outer diameter adjusts the breadth of the measuring 
beam which carries out incidence according to a gobo 70 and diaphragm 71. 

[0086] The measuring beam irradiated by the silicon substrate 1 goes into the floodlighting light sensing portion 74 in a 
path contrary to having carried out incidence, and goes into a spectroscope 76 through light guide 77b. The thickness 
calculation from a detection result is as drawing 7 having explained. 

[0087] With the 3rd operation gestalt of this invention, the function which measures the radiation infrared radiation 
from a silicon substrate 1 other than thickness measurement, and measures the temperature of a substrate 1 is also 
prepared. Although the infrared radiation emitted from the plasma and a counterelectrode passes a silicon substrate 1, 
the infrared radiation of the incident angle of the include-angle range smaller than the incident angle theta 4 only passes 
a silicon substrate 1 from the total reflection conditions shown in drawing 7 . 

[0088] The incident angle of the measuring beam which carries out total reflection is set as the bigger include angle 
than an include angle theta 4, and the optical path of a measuring beam and the infrared radiation emitted from the 
plasma and a counterelectrode are separated completely. And the infrared radiation emitted from the plasma and a 
counterelectrode is absorbed by the absorption block 72. 

[0089] By the way, a silicon substrate 1 emits the amount of infrared radiation according to the temperature. The 
technical problem of the thermometry of a silicon substrate 1 is in the point which cannot perform a highly precise 
thermometry, in order to also set the radiation infrared radiation from the plasma, a correspondence electrode, etc. in 
order that a silicon substrate 1 may penetrate infrared radiation, and to measure. 

[0090] With the 3rd operation gestalt of this invention, since the field which detects the reflected light of a measuring 
beam is established in the field along which the radiation infrared radiation from the plasma, a correspondence 
electrode, etc. does not pass, by making the light source of a measuring beam off, the infrared radiation measured turns 
into only infrared radiation emitted from a silicon substrate 1, and the highly precise thermometry of it becomes 
possible. 

[0091] Moreover, there is passage 79 of the refrigerant for cooling in the cylinder-like holder 68, and the infrared 
radiation from the cylinder-like holder 68 can be stabilized now to a low. 

[0092] Drawing 9 is the outline block diagram of the plasma-CVD equipment incorporating the measurement and the 
monitoring device by the 3rd operation gestalt of this invention mentioned above. This plasma-CVD equipment is 
explained below. 

[0093] In drawing 9 , the stage electrode 81 and the counterelectrode 82 are formed in the processing room 80. And the 
stage electrode 81 is insulated with the base of the processing room 80 etc. by the electric insulating plate 83, and the 
heater 84 for substrate heating and the thickness measurement equipment 85 explained by drawing 8 are built into the 
interior of this stage electrode 81. 

[0094] Moreover, it has the composition that high-frequency voltage is impressed from the high frequency bias power 
supply 86 at the stage electrode 81, and the energy of the ion which carries out incidence to the processing substrate 1 
at the time of plasma generating is controlled. 

[0095] Moreover, power is supplied to a heater 84 from a power source 87, and the temperature of the stage electrode 
81 can be controlled from ordinary temperature to 400 degrees C. And the light source 88 and a detector 89 are 
connected to thickness measurement equipment 85, and the circulator 90 which pours a refrigerant to the refrigerant 
passage 79 of a holder 68 further is connected. 

[0096] A counterelectrode 82 is insulated with the top face of the processing room 80 etc. by the electric insulating 
plate 91, and the raw gas feed zone 92 is formed in the interior of this counterelectrode 82. Moreover, RF generator 93 
is connected to the counterelectrode 82, and it is constituted so that the plasma can be generated between the stage 
electrode 81 and a counterelectrode 82 by supply of high-frequency power. 

[0097] From the raw gas feed zone 92, the raw gas of a setting flow rate is supplied in the processing room 80, it 



JP,2O0M6O576,A [DETAILED DESCRIPTION] Page 9 of 10 

exhausts from an exhaust port 94, and the pressure in the processing room 80 can be controlled now to a setting 
pressure. 

[0098] Next, the actuation in the operation gestalt shown in this drawing 9 is explained. By controlling the raw gas 
which mixed an organic silane, oxygen, and argon gas from the raw gas feed zone 92 to a sink, controlling a pressure to 
a setting pressure, and supplying high-frequency power from RF generator 93 in the processing room 80, at a 
counterelectrode 82, the plasma is generated, raw gas is decomposed and an oxidation silicone film is formed on a 
silicon substrate 1. 

[0099] And with thickness measurement equipment 85j the thickness of the formed oxidation silicone film is measured, 
when thickness reaches setting thickness, the output of RF generator 93 is suspended, and discharge is stopped. 
[0100] Furthermore, the radiation infrared radiation from a silicon substrate 1 is measured with thickness measurement 
equipment 85 during membrane formation processing, the temperature of a silicon substrate 1 is searched for, and it 
controls to control the output of a power source 87 and to become laying temperature. 

[0101] Moreover, when the membraneous quality of the silicon oxide film under membrane formation is evaluated 
from the reflected extinction property of infrared light and the target membraneous quality is not suited, it controls by 
thickness measurement equipment 85 to go into the range in which the high frequency bias power impressed to the 
stage electrode 81 was controlled, and membraneous quality was set up. 

[0102] In addition, also in membrane formation processing, like etching processing, two or more thickness 
measurement and monitoring devices can be incorporated, the thickness distribution under membrane formation can be 
measured, the flow rate of raw gas can be controlled based on the result, and it can control to go into the conditions 
which had thickness distribution set up. 

[0103] As mentioned above, in the CVD system by the 3rd operation gestalt of this invention, without the film adhering 
to a measuring plane, since a measuring plane is a rear face of a silicon substrate 1 while processing the thickness under 
membrane formation and being able to measure, it is stabilized and thickness can be measured with a sufficient 
precision. Furthermore, the membraneous quality of the temperature of the silicon substrate 1 under membrane 
formation and the film under membrane formation can also be measured, and the film of conditions with which 
membraneous quality and thickness were set up can be formed with sufficient repeatability. 
[0104] Next, the example at the time of applying the measurement and the monitoring device which are the 3rd 
operation gestalt of this invention is shown in the flattening polish equipment which performs polish processing 
processing in which the front face of the oxidation silicone film formed in the front face of a silicon substrate 1 is 
processed evenly at drawing 10 . 

[0105] In addition, the principle of thickness measurement, measurement, and the configuration of a monitoring device 
are the same as that of the 3rd operation gestalt shown in drawing 8 . In drawing 10 , flattening polish equipment 
consists of a bottom rotary table 100 and an upper rotary table 101, and the cross 102 is stuck on the top face of the 
bottom rotary table 100. The bottom rotary table 100 and the upper rotary table 101 rotate in the direction of an arrow 
head in drawing with the drive which is not illustrated. 

[0106] Moreover, there is the five-axis-control section 103 in the shaft of the up rotary table 101, and polish 
distribution of a silicon substrate 1 can be controlled now. 

[0107] The means which carries out vacuum adsorption of the rear face of a silicon substrate 1, and thickness 
measurement equipment 85 are built into the upper rotary table 101. 

[0108] If the rear face of a silicon substrate 1 is made to stick to the upper rotary table 101, the rear face of a silicon 
substrate 1 is adjusted so that it may stick to the measuring plane of thickness measurement equipment 85. As for 
thickness measurement equipment 85, a total of five of one place of a central part and 4 on a periphery are included in 
the upper rotary table 101. 

[0109] Silicon oxide makes the silicon substrate 1 formed in the front face stick to the upper rotary table 101, and 
measures the silicon oxidation thickness formed in the silicon substrate 1 with thickness measurement equipment 85. 
And a silicon substrate 1 is ground by forcing the processing side of a silicon substrate 1 on a cross 102, supplying an 
abrasive material to a cross 102 from the abrasive material supply means which is not illustrated, and making it rotate 
the bottom rotary table 1 00 and the upper rotary table 10 1 . 

[01 10] With thickness measurement equipment 85, thickness is measured continuously, the film in each location on a 
silicon substrate 1 can be shaved, speed and residual film thickness are computed, and the inclination of the force 
which pushes the upper rotary table 101 against a cross 3, and a shaft etc. is controlled by the five-axis-control section 
103 so that silicon oxidation thickness can process it into the thickness set up equally. . 

[01 1 1] As explained above, the processing depth measurement and the monitoring device by the thickness and etching 
which applied this invention cannot be easily influenced of membrane formation and processing processing at the time 
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of measurement, and are highly precise, and thickness with sufficient repeatability or processing depth measurement, 
and monitoring are possible for them. 

[01 12] In addition, with the operation gestalt mentioned above, although explained focusing on the silicon substrate 1, 
if membrane formation with glass substrates for a display, such as a liquid crystal display component, processing and 
membrane formation of the magnetic head, processing, etc. use a thin film, this invention can be adapted [ it is not 
limited to this, and ]. In that case, it cannot be overemphasized that it is necessary to choose the wavelength of the light 
to be used by the substrate of the measuring object and membranous physical properties. 
[0113] 

[Effect of the Invention] According to this invention, the thickness in membrane formation and flattening processing, 
the processing depth in etching processing, the substrate temperature under these processings, etc. can be measured 
with high precision with good repeatability. 

[0114] Thereby, since a thin film detailed pattern can be made with high precision in the specification as a setting, it is 
effective in the ability to improve engine performance, such as a semiconductor device using a thin film detailed 
pattern, and a liquid crystal display component, and dependability. 

[0115] That is, while measuring thickness and the processing depth, without being influenced [ according the advance 
situation of processing to the situation of the processing interior of a room ], the reflected light from the substrate front 
face which measures the situation on the front face of a substrate can be detected alternatively, and measurement and 
the monitoring device of the thickness or the processing depth which enables highly precise measurement on the front 
face of a substrate can be realized. 

[0116] Moreover, the highly precise membrane formation processing approach using realizing membrane formation 
incorporating the highly precise measurement and the highly precise monitoring device on the front face of a substrate 
and processing equipment, these measurement, and a monitoring device is realizable. 



[Translation done.] 



